Obesity is associated with chronic low-grade inflammation in peripheral tissues caused, in part, by the recruitment of inflammatory monocytes into adipose tissue. Studies in rodent models have also shown increased inflammation in the central nervous system (CNS) during obesity. The goal of this study was to determine whether obesity is associated with recruitment of peripheral immune cells into the CNS. To do this we used a bone marrow chimerism model to track the entry of green-fluorescent protein (GFP) labeled peripheral immune cells into the CNS. Flow cytometry was used to quantify the number of GFP + immune cells recruited into the CNS of mice fed a high-fat diet compared to standard chow fed controls. High-fat feeding resulted in obesity associated with a 30% increase in the number of GFP + cells in the CNS compared to control mice. Greater than 80% of the GFP + cells recruited to the CNS were also CD45 + CD11b + indicating that the GFP + cells displayed characteristics of microglia/macrophages.
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Immunohistochemistry further confirmed the increase in GFP + cells in the CNS of the high-fat fed group and also indicated that 93% of the recruited cells were found in the parenchyma and had a stellate morphology. These findings indicate that peripheral immune cells can be recruited to the CNS in obesity and may contribute to the inflammatory response. Ó 2013 Elsevier Inc. All rights reserved.
Introduction
Obesity is a major health problem in the U.S. affecting greater than 35% of the population and contributing to an estimated $147 billion in annual medical costs Odgen et al., 2012. One characteristic of obesity is chronic low-grade inflammation mediated by the recruitment of macrophages and other immune cells into adipose tissue. This inflammation in peripheral tissues plays a critical role in the progression and development of a wide range of obesity-associated co-morbidities such as type 2 diabetes and cardiovascular disease (Hotamisligil, 2006) .
Obesity is also associated with an increased incidence of neurologic disease including a staggering 74% increased risk of dementia (Whitmer et al., 2005) . While often regarded as an immune privileged organ, during disease states the central nervous system (CNS) exhibits some of the classical characteristics of inflammation, including increased cytokine production and recruitment of immune cells from the periphery (Muldoon et al., 2013) . Recent data suggests that obesity is associated with CNS inflammation which may contribute to the increased susceptibility to neurologic disease, reflecting what has been observed in peripheral tissues. For example, increased production of pro-inflammatory cytokines and reactive oxygen species was shown to occur in the hypothalamus in response to both acute and chronic high-fat feeding in mice (De Souza et al., 2005; Freeman et al., 2013; Thaler et al., 2012) . Inflammation in the CNS may also have an impact on the development and perpetuation of obesity; for example, reduction in the NFjB inflammatory signaling cascade through targeted deletion of Ijjb in the brains of mice led to a reduction in weight gain on high-fat diet and improved glucose tolerance (Zhang et al., 2008) . Furthermore, reducing obesity-associated hypothalamic inflammation through infusion of a tumor necrosis factor-a neutralizing antibody has a beneficial effect on insulin sensitivity in the liver (Milanski et al., 2012) . This emerging evidence suggests that inflammation in the CNS may be a mediator of disease pathogenesis and pathophysiology in obesity.
In the CNS, glial cells, including microglia and astrocytes, have a critical role in the pathology of inflammatory diseases such as Alzheimer's (Griffin et al., 1989) and are attractive therapeutic targets. Derived from myeloid progenitors during late embryonic
